Introduction
Chronic obstructive pulmonary disease (COPD) is widely accepted as being a disorder characterized by signs of local and systemic inflammation. 1, 2 Clinical studies have suggested that signs of neutrophil mobilization, including increased concentrations of neutrophils, neutrophil-promoting growth factors, chemokines, and neutrophilderived enzymes, are of mechanistic interest. Moreover, there is evidence suggesting that systemic signs of inflammation are linked to the clinical course and comorbidity of COPD. 2, 3 We believe that further investigation into the specific nature of systemic signs of neutrophil mobilization in COPD is required.
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It is established that exacerbations of COPD constitute a major clinical risk factor for future morbidity and mortality. 4, 5 It is also established that these exacerbations account for a substantial part of the health care costs associated with COPD. Still, surprisingly little is known about the exact nature of neutrophil mobilization during clinically stable periods and during exacerbations of COPD. Some studies indicate that blood neutrophil concentrations are further increased from already elevated levels during these exacerbations. [6] [7] [8] However, the location of the neutrophils accounting for circulating neutrophil-derived enzymes remains uncertain, during both clinically stable periods and exacerbations. 3 Myeloperoxidase (MPO) is a functionally important enzyme that contributes to the destroying of bacteria during activation of the host defense system. 9, 10 Production of MPO takes place in neutrophil and monocyte precursor cells in the bone marrow, but very little is known about its production at the systemic level in COPD. 9, 10 In fact, there are currently no publications on the transcription of MPO at the systemic level in smokers with COPD, either during clinically stable periods or during exacerbations. The same is true for neutrophil elastase (NE), a neutrophil-derived enzyme that degrades structural lung protein and potently induces gland secretion during activation of the host defense. 11 Given that long-term smokers inhale more than 5,000 different compounds over decades while slowly developing lung disease, there is potential for toxic effects on transcription of MPO or NE in circulating leukocytes. 12 Consistent with this, we found that long-term smokers without severe airway symptoms developed increasing concentrations of MPO protein in their blood during a 6-year observation period. 13 It therefore seems possible that systemic signs of neutrophil mobilization can occur prior to the clinical manifestation of COPD, and other investigators have also implicated MPO in the pathogenesis of COPD. One interesting study demonstrated a negative correlation between MPO in blood on the one hand, and ventilatory lung function, gas diffusion capacity, and dyspnea on the other in current and former smokers with COPD during clinically stable periods.
14 Clearly this is compatible with pathogenic involvement of MPO originating from neutrophils in the blood and is also compatible with "spillover" from neutrophils accumulated in the lung; the same may be true for compounds other than MPO originating from the same azurophilic neutrophil granules, such as NE.
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For the current study, we hypothesized that there are systemic signs of neutrophil mobilization in smokers with COPD, and that these signs originate from blood leukocytes during clinically stable periods and during exacerbations. We reasoned that if this was the case, mobilization of neutrophils should include production and release of the neutrophil activity markers MPO and NE in blood leukocytes in vivo. 10, 11 We investigated this hypothesis in a controlled, cross-sectional, longitudinal study in 60 smokers with obstructive pulmonary disease and chronic bronchitis (OPD-CB). We conducted repeated sampling of venous blood during clinically stable periods as well as during and after exacerbations for a total period of 60 weeks. We also related systemic signs of neutrophil mobilization to growth of bacteria in representative sputum samples. Ten asymptomatic long-term smokers (AS) and ten healthy never-smokers (NS) were recruited as control subjects. In addition to quantifying neutrophils as well as protein and mRNA for MPO and NE in blood samples, we quantified C-reactive protein (CRP) in this compartment and used it as a reference marker of true systemic inflammation.
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Materials and methods study subjects
Sixty current and long-term smokers (.10 pack-years) with OPD-CB were recruited from the outpatient clinic in the Department of Respiratory Medicine at Sahlgrenska University Hospital, Gothenburg, Sweden, and by advertisements in local newspapers. The patients were included during a clinically stable period and after denying respiratory tract infections in the 4 preceding weeks. We also included ten current and long-term AS (.10 pack-years) and ten NS with verified normal lung function as controls.
ethical considerations
The study was approved by the ethics committee for medical research at the University of Gothenburg (S 233-03, T 286-04, and T 521-06). The study subjects were included after informed consent.
study protocol
The subjects in this prospective, cross-sectional, longitudinal study were first examined during clinically stable periods at an inclusion visit (visit 1). At this visit, we critically evaluated the results of lung function tests (spirometry, gas diffusion capacity), pulmonary X-ray, physical examination, and blood, sputum, and urine samples. Blood samples were collected from the smokers with OPD-CB every 15th week for the following 60 weeks (visits 2-5). If a patient reported signs of an exacerbation, an extra visit was arranged for additional blood and sputum sampling plus medical examination, after which regular medical treatment was given. All infections in the lungs/airways were deemed to 
Blood samples
Plasma and serum samples were prepared for assessment of differential leukocyte counts and signs of neutrophil activity. The concentration of MPO protein (µg/mL) in plasma was measured using enzyme-linked immunosorbent assay. The concentration of NE protein (µg/mL) was measured using the latex bead concentration method. 18, 19 Quantitative polymerase chain reaction analysis of mRNA for MPO, NE, and carboxyl esterase (CES, a monocyte/macrophage marker) in blood samples from smokers with OPD-CB who developed exacerbations was conducted as described in detail in the Supplementary materials section.
sputum samples
All smokers with OPD-CB provided sputum samples during a clinically stable period at the time of inclusion and during exacerbations. These samples were used for culture of bacteria, after we had ascertained that they were morphologically representative of the peripheral airways.
statistical methods
Non-parametric descriptive and analytical statistics were used throughout this study with the help of Statistical Package for the Social Sciences version 16.0 software (SPSS Inc, Chicago, IL, USA) as appropriate. A P-value ,0.05 was regarded as being statistically significant.
Results
Clinically stable periods study population
The clinical characteristics of the study subjects during clinically stable periods at the time of inclusion are published elsewhere. 20 Briefly, smokers with OPD-CB of any Global Initiative for Chronic Obstructive Lung Disease stage were included, with only slight differences in age between the groups. Although we aimed to recruit equal numbers of men and women, there was a predominance of women in all study groups, and the tobacco load was somewhat higher in the group of smokers with OPD-CB than in the AS group. 20 neutrophils and markers of neutrophil activity At the time of inclusion, neutrophil concentrations were clearly higher in smokers with OPD-CB and the AS group when compared with the NS group ( Figure 1A) , even though the differences were modest. However, there was no statistically significant difference in MPO protein concentrations between smokers with OPD-CB and the AS or NS groups; only weak trends toward an increase in smokers with OPD-CB were observed ( Figure 1B ). In contrast, NE protein concentrations were clearly higher in smokers with OPD-CB and in the AS group when compared with the NS group ( Figure 1C ). CRP concentrations were clearly higher in smokers with OPD-CB than in either of the control groups, ie, AS and NS ( Figure 1D ). In addition, there was a moderate positive correlation between MPO and NE protein concentrations and neutrophil concentrations in smokers with OPD-CB (Figure 2A and B). We were unable to identify a statistically significant correlation between CRP and NE (ρ=0.043, P.0.05, Spearman rank correlation; n=58) or between CRP and MPO (ρ=0.16, P.0.05, Spearman rank correlation; n=59) during clinically stable periods in smokers with OPD-CB at the time of inclusion (data not shown).
Messenger rna for MPO, ne, and Ces in blood leukocytes
At the time of inclusion, we detected a strong positive correlation between MPO and NE protein levels in all smokers with OPD-CB and for mRNA obtained from the 33 smokers with OPD-CB who subsequently developed exacerbations ( Figure 3A and B). In addition, we detected a moderate correlation between mRNA for MPO and CES in smokers with OPD-CB (ρ=0.50, P,0.01, Spearman rank correlation; n=32, data not shown). There was no corresponding correlation detected between mRNA for CES and NE (ρ=0.13, P.0.05, Spearman rank correlation; n=32) in smokers with OPD-CB (data not shown).
lung function and tobacco load
At the time of inclusion, we failed to detect any linear correlations between MPO, NE, and CRP on the one hand and ventilatory lung function, gas diffusion capacity, and tobacco load on the other in the pooled group of smokers, ie, AS plus smokers with OPD-CB (data not shown).
sputum samples
The results of sputum culture during clinically stable periods at the time of inclusion have been published elsewhere. 20 Briefly, sputum samples for culture of bacteria were obtained from 87% of the smokers with OPD-CB at the time of inclusion, generating 40 samples that were representative of the peripheral airways. Seventeen of these representative samples grew common respiratory pathogens (mainly Haemophilus influenzae), three grew opportunistic pathogens, and 20 grew oropharyngeal flora. Of note, there were no statistically significant differences (P.0.05, Mann-Whitney U-test; n=40 for all comparisons) in concentrations of MPO, NE, CRP, or neutrophils in smokers with OPD-CB who had a positive culture for common respiratory pathogens or oropharyngeal flora or a positive culture for opportunistic pathogens (data not shown). Furthermore, we did not find any statistically significant difference (P.0.05, MannWhitney U-test; n=40 for all comparisons) in concentrations of MPO, NE, CRP, or neutrophils for smokers with OPD-CB who had, on the one hand, positive culture to either of the two types of pathogens and, on the other hand, those who had positive culture for oropharyngeal flora (data not shown).
exacerbations Frequency
Thirty-eight (63%) smokers with OPD-CB had at least one exacerbation during the 60-week study period. Of these, nine had a second and seven had a third exacerbation. For reasons to do with statistical power, we conducted our analysis using data from first exacerbation in each smoker with OPD-CB.
leukocytes, neutrophils, and markers of neutrophil activity
Smokers with OPD-CB showed a clear but modest increase in leukocyte and neutrophil concentrations during exacerbations (Table 1) . Likewise, the MPO protein concentration were increased in a clear but modest manner, and both neutrophils and MPO ( Figure 4 ) tended to normalize at the time of the first regular visit after exacerbation, which was up to 15 weeks later. Moreover, NE protein tended to be increased during exacerbations but not in a statistically significant manner, whereas CRP was clearly increased during exacerbations (Table 1) . Importantly, there was a correlation between concentrations of MPO and those of NE protein in smokers with OPD-CB during exacerbations ( Figure 5A ). In addition, smokers with OPD-CB showed a clear increase in CRP during exacerbations ( In terms of the relative exacerbation value for each sign of neutrophil mobilization or CRP ("percent baseline", ie, the exacerbation value in relation to the value during clinically stable periods), the most pronounced change was in CRP ( Figure S1 ). Moreover, the exacerbation-associated change (exacerbation value minus value during a clinically stable period) showed a correlation for protein concentrations of MPO and NE (ρ=0. 
mrna for MPO, ne, and Ces in leukocytes
There was no statistically significant (P.0.05, Wilcoxon signed rank test; n=33) increase in MPO mRNA in the smokers with OPD-CB who developed exacerbations (data not shown). However, there was a strong correlation between mRNA for MPO and NE in these smokers during exacerbations ( Figure 5B ). The correlation between levels of mRNA for MPO and CES was weak (ρ=0.35, P,0.05, Spearman rank correlation; n=34) among smokers with OPD-CB (data not shown) and there was no correlation between CES and mRNA for NE (data not shown). Moreover, there was no correlation (ρ=0.17, P,0.05, Spearman rank correlation; n=33) between the level of MPO mRNA during exacerbations and during clinically stable periods at the time of inclusion (data not shown).
arterial blood gas
In 18 smokers with OPD-CB who developed exacerbations, the transcutaneous oxygen saturation was below 94%, but none of these individuals required mechanical ventilation. In this respect, the clinical characteristics did not markedly differ for mild or severe OPD-CB (Table 2) . Arterial blood gas was analyzed in all smokers with low transcutaneous oxygen saturation in accordance with clinical guidelines. We then detected statistically significant negative correlations between PaO 2 (partial oxygen pressure) and concentrations of neutrophils and NE and MPO protein, respectively ( Figure 6A-C) . However, all smokers with OPD-CB had normal PaCO 2 during exacerbations.
sputum samples
Just like the case for clinically stable periods, bacteriology results from sputum culture during exacerbations have been published elsewhere. 20 In summary, sputum samples were obtained from 46% of the smokers with OPD-CB during exacerbations, generating 29 samples representative of the peripheral airways. Of these, 14 samples grew common respiratory pathogens, none grew opportunistic pathogens, and 15 grew oropharyngeal flora. There was no statistically significant difference (P.0.05, Mann-Whitney U-test; n=14-15) in the concentrations of MPO, NE, or CRP in smokers with OPD-CB who grew common respiratory pathogens and those who grew oropharyngeal flora (data not shown). However, there was a moderate (P,0.05, Mann-Whitney U-test; n=14-15) increase in neutrophil concentrations for patients with OPD-CB who grew common respiratory pathogens 
Discussion
During clinically stable periods, blood concentrations of neutrophils and NE protein but not MPO protein were increased in a modest manner in smokers with OPD-CB and in the AS control group when compared with the NS control group. However, there was no correlation between NE protein and mRNA, and the same was true for MPO during clinically stable periods in the smokers with OPD-CB. In contrast, we detected a strong positive correlation between MPO and NE protein during clinically stable periods; this was also true for MPO and NE mRNA. Taken together, these observations indicate involvement of neutrophils and NE in terms of mRNA levels and in terms of protein concentrations, during clinically stable periods in both AS and smokers with OPD-CB, with no detectable sign of de novo synthesis of NE in circulating blood leukocytes in the latter group. Moreover, the positive correlations between NE and MPO, both at the gene and the protein level, indicate that a shared cellular origin for these activity markers is very likely during clinically stable conditions.
During exacerbations in smokers with OPD-CB, blood concentrations of neutrophils and MPO protein, but not MPO 
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andelid et al mRNA, were increased in a clear but modest manner, and neutrophil and MPO concentrations tended to normalize after exacerbations, as assessed up to 15 weeks later. There was a matching trend toward an exacerbation-associated increase in NE protein, but not in NE mRNA. However, we detected no correlation between MPO mRNA and MPO protein in blood during exacerbations, and the same was true for NE. In contrast, we detected a strong positive correlation between MPO and NE, both in terms of mRNA and in terms of protein concentrations, during exacerbations. Taken together, these observations demonstrate the involvement of neutrophils and MPO during exacerbations in smokers with OPD-CB, although without any detectable signs of increased de novo synthesis of either NE or MPO in circulating blood leukocytes. Moreover, the positive correlations between NE and MPO, both at the gene and protein level, indicate that a shared cellular origin for these activity markers is very likely.
Growth of common respiratory pathogens in sputum was associated with increased neutrophil concentrations very likely, during exacerbations, but was neither associated with any substantial alteration in MPO, NE, or CRP concentrations in blood, nor during exacerbations or clinically stable periods. Further, growth of common bacterial pathogens was not associated with an increase in neutrophil concentrations during clinically stable periods. This implies that increased neutrophil concentrations can indicate bacterial infection during exacerbations in smokers with OPD-CB; however, in this sense, the clinical value of a corresponding increase in MPO and NE remains uncertain.
Both MPO and NE originate from azurophilic neutrophil granules 9, 11, 21 which may be why these proteins were correlated and showed qualitatively similar changes in our current study, even though these changes were not consistently statistically significant. In line with this finding, we also detected a strong positive correlation between blood MPO and NE protein levels in a previous cohort study of malnourished patients with COPD during clinically stable periods. 22 It is known that MPO may be present to a certain extent in circulating monocytes, in addition to being present in neutrophils. 9 Thus, on hypothetical grounds, we think that the positive correlations found between MPO and CES mRNA levels during clinically stable periods at the time of inclusion and, even though weaker, during exacerbations, can be explained and are credible. The lack of a strong correlations between MPO and CES in our study seems compatible with a minor contribution from circulating monocytes. However, ex vivo studies of blood and airway cells are required for more definitive conclusions regarding the relative importance of the different putative cellular sources of MPO in patients with COPD.
We detected no increase in mRNA for MPO, NE, or CES in circulating blood leukocytes during exacerbations in smokers with OPD-CB. Further, there was a clear discrepancy between this negative finding and the demonstrated increase in MPO protein and neutrophil concentrations. There was also a trend toward increased NE protein concentrations during exacerbations, indicating a discrepancy between protein and mRNA for NE as well. Given these seemingly contradictory findings, it can be speculated that there is release of MPO and NE at the post-transcriptional level in circulating neutrophils during exacerbations, since this type of release may occur via exocytosis or neutrophil extracellular traps. 21, 23 Likewise, it can be speculated that there is corresponding exocytosis or pathological transcription from neutrophils located in the extravascular compartment of the lung. 3 These are interesting mechanistic possibilities that warrant further investigation in the future.
It is intriguing that several of our findings are compatible with the idea that smokers with OPD-CB suffer from neutrophil mobilization that is not merely driven by bacterial pathogens. We find it interesting that our current results are in line with those of a previous study suggesting that there is no association between the degree of upper or lower airway inflammation or bacterial load and systemic signs of inflammation. 24 Also in line with previous studies, our current study demonstrated that bacterial growth was dominated by H. influenzae, a common respiratory pathogen. 25, 26 In addition, all the expected systemic signs of inflammation, including CRP, neutrophils and NE, were present. Therefore, we consider that our study population was reasonably representative of COPD.
In further support of factors other than bacteria driving systemic signs of inflammation, we detected a statistically significant negative correlation for concentrations of neutrophils, MPO, and NE versus PaO 2 among the 18 smokers with OPD-CB who had transcutaneous oxygen saturation less than 94% during exacerbations. In fact, all targeted signs of neutrophil mobilization correlated with PaO 2 in this subgroup in our current study cohort. We believe that this finding may have mechanistic implications in terms of understanding what drives neutrophilic inflammation in smokers with OPD-CB. This is because it has previously been demonstrated that experimentally induced hypoxemia in healthy human volunteers enhances the release of NE protein from circulating neutrophils. 27 Thus, even though our current observation does not prove that hypoxemia, rather than exacerbations, actually drives systemic signs of neutrophil mobilization, it highlights the possibility that hypoxemia is an underestimated pathogenic factor in this context. 28, 29 In the pooled group of all smokers (AS and those with OPD-CB), there was a weak trend toward higher blood concentrations of MPO, one of the two investigated compounds originating from the azurophilic granules of neutrophils, during clinically stable periods. However, although this trend was not statistically significant, such a finding per se is compatible with the results of an earlier study reporting increased blood concentrations of MPO over several years in asymptomatic smokers. 13 We think that the study population we selected might have contributed to our current results, but further study seems warranted in this respect. This is because levels of NE, the second of the two investigated compounds originating from azurophilic neutrophil granules, were clearly increased in AS and in smokers with OPD-CB during clinically stable periods in our current study. This latter observation raises the question of whether development of chronic bronchitis, a condition defined by hypersecretion in mucosal glands, is linked per se to a sustained systemic increase in the potent secretagogue NE. 11, 30 This observation also raises the question of whether the NE detected in blood represents spillover from the primary target organ for tobacco smoke (ie, the lungs).
We are not aware of any previous prospective, crosssectional, longitudinal studies in smokers with OPD-CB that have included repeated blood sampling during clinically stable periods as well as during exacerbations over 15 months or addressed signs of neutrophil mobilization at the systemic level. However, two previous studies have included data on concentrations of circulating MPO protein and eosinophil cationic protein (ECP) in stable COPD and chronic bronchitis. In one of these studies, the investigators demonstrated increased MPO and ECP protein concentrations in serum from patients with stable COPD. 31 In the other study, 32 the concentrations of MPO and ECP protein in serum were increased in COPD during exacerbations when compared with controls who did not suffer from COPD. 32 Thus, our current findings are compatible with those of previously published studies; however, neither of the above-mentioned studies included data on systemic signs of neutrophil mobilization after remission of exacerbation. Therefore, the results of our current study both expand and confirm previous knowledge.
We also sought associations of an indisputable sign of systemic inflammation by assessing concentrations of CRP in blood. We tried to correlate these CRP concentrations with those of neutrophils, as well as with MPO and NE proteins. Here, we did note that the relative exacerbation-induced increase in CRP clearly exceeded that of MPO protein; a finding in line with that of a recently published study comparing 36 plasma biomarkers in COPD patients. 17 The authors of that study claimed that CRP was the most "practically" useful of all the biomarkers in terms of confirming COPD exacerbations, in line with our current study results. Interestingly, in our study, we did not detect any sign of a correlation between CRP and MPO or NE protein concentrations in smokers with OPD-CB, and CRP was the only investigated marker of inflammation that was higher in smokers with OPD-CB than in the AS control group at the time of inclusion. However, in the smokers with OPD-CB, the exacerbation-associated change in CRP, MPO, and NE protein concentrations were correlated. Because of these findings, we speculate that CRP in reality reflects other aspects of inflammation than do signs of neutrophilic mobilization during clinically stable periods in COPD. In contrast, during exacerbations, CRP and signs of neutrophil mobilization may relate to one another, even though it remains unclear whether these signs of neutrophil mobilization are truly systemic or reflect spillover from local events in the lungs. 3 This proposal is compatible with the results of several previous studies. 14, 33, 34 Female subjects were over-represented in this study, so we cannot exclude the possibility of sex bias in our cohort. However, such bias is unlikely to explain our group-related differences since female over-representation was present in all our study groups. Moreover, we cannot exclude the possibility that our study population included some smokers with reversible airway obstruction (and this is why we used the term OPD rather than COPD). However, all included smokers denied a history of asthma or allergy, and tests for sensitization were negative when the study subjects were in doubt about allergy and should have excluded conditions other than COPD.
In conclusion, this study indicates clear systemic signs of neutrophil mobilization in COPD, that some of these signs are present in AS as well, and that the exact pattern of these signs may differ during clinically stable periods and during exacerbations. Moreover, this study suggests that there is no matching increase in transcription of MPO and NE in blood leukocytes in COPD, arguing against de novo synthesis of these activity markers in neutrophils circulating at the systemic level. The correlations between MPO and NE protein and mRNA are compatible with a common cellular origin, but the design of this study did not allow us to determine whether this origin is truly systemic (ie, extrapulmonary) or represents spillover from local inflammation (in the lungs). Except for neutrophil concentrations, 
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andelid et al the targeted systemic signs of neutrophil mobilization do not seem to be strongly associated with local bacterial growth. During exacerbations, hypoxemia and mobilization of neutrophils, irrespective of the location of the neutrophils, may be mechanistically linked in COPD. We think that further investigation of neutrophils isolated from various organs of patients with COPD is warranted to better understand the degree of true systemic involvement for these innate effector cells and the therapeutic implications thereof in COPD.
